The low-temperature specific heat of a superconductor Mo 3 Sb 7 with T c = 2.25 ±0.05 K has been measured in magnetic fields up to 5 T. In the normal state, the electronic specific heat coefficient γ n , and the Debye temperature Θ D are found to be 34.5(2) mJ/molK 2 and 283(5) K, respectively.
I. INTRODUCTION
Several years ago, Bukowski and coworkers reported the superconductivity in an intermetallic Mo 3 Sb 7 [1] . The superconducting phase transition of this material has been determined from the magnetization and electrical resistivity on a single crystal to be 2.08 K [1] .
Based on the magnetization [1] , and point-contact (PC) Andreev-reflection data [2] , the authors of Ref. [1, 2] concluded the BCS-type behaviour of the superconductor. However, in the recent work, Dmitriev et al. [3] had suggested that Mo 3 Sb 7 is not a trivial BCS (s-wave) superconductor but rather it has a (s+g)-wave or another unconventional pairing symmetry.
More recently, Candolfi et al. [4] , have reported magnetic susceptibility, specific heat, and electrical resistivity down to 0.6 K and have interpreted their data within the frameworks of the spin fluctuation theory. Thus, the issue of pairing mechanism becomes debated and the proper superconductivity nature of Mo 3 Sb 7 deserves studies in more details. Nonetheless, information about the superconducting properties of Mo 3 Sb 7 is still scarce. Except for the superconducting transition, other parameters like upper H c2 and thermodynamic critical H c0 fields, the penetration depth λ L , coherence length ξ and the Ginzburg-Landau parameter κ are not known yet. In order to determine these fundamental thermodynamic parameters of the Mo 3 Sb 7 superconductor, we have performed specific heat C p at temperatures 0.4 -10 K and in magnetic fields up to 5 T. In this work, we report the results of the C p measurements and we try also to address the question: which electron pairing model is more suitable for description of the superconductivity in Mo 3 Sb 7 ? The specific heat data are supplemented by electronic band structure calculations performed using the the full-potential local-orbit method.
II. EXPERIMENTS
A powdered sample of Mo 3 Sb 7 was prepared from mixture of powder metals Mo and Sb with purities of at least 99.95% from Alfa Aesar by annealing in an evacuated silica tube at 700
• for three days. The mixture was then grounded and pressed into the form of cylinder, and annealed at 600
• for two days. The purity, homogeneity and composition of the sample were checked by X-ray diffraction and dispersive spectroscopy. Fig. 1 shows the experimental powder X-ray diffraction patterns of Mo 3 Sb 7 and as well as the profile fit and difference patterns in the Rietveld analysis. It can be seen, the observed Bragg reflections were indexed on the base of the cubic Ir 3 Ge 7 -type structure (space group Im-3m) [5] . In the refinements, we assumed that Mo atoms occupy the 12e (x = 0.342) and the antimony distribute on the 12d and 16f (x = 0.162) sites, respectively. The refinements of the X-ray intensities yield lattice parameter a = 0.9551 (1) nm, in well agreement with that previously reported by Dashjav et al. for a single crystal (0.9559 nm) [6] .
The microanalysis was performed by collecting several EDX spectra at various locations across the surface of a sintered pellet. The compositions determined by EDX Mo: 29.2 ± 3 at.% and Sb: 70.8 ± 3 at.% are close to the ideal composition Mo:Sb= 3:7. No impurity phase within the experimental error is observed in the EDX spectra. The SEM image of the typical samples is shown in the inset of Fig. 1 .
The specific heat was measured using a thermal relaxation method in the temperature range 0.4 -10 K and in magnetic fields up to 5 T, utilizing PPMS system (Quantum Design).
The experimental errors were taken as found by Marriott et al. [7] , i.e., to be less than ± 2 % for T> 1.5 K and about ± 20% at 0.4 K. Before the specific heat study, the bulk superconductivity in the investigated sample was examined by means of magnetization and electrical resistivity measurements. From the latter measurement we obtained the residual resistivity in the normal state ρ n = 95x10 −8 Ωm.
The electronic band structure calculations were carried out using the full-potential localorbit method (FPLO-5) [8, 9, 10] . The calculations were performed for the reciprocal space mesh containing 816 points within the irreducible wedge of the Brillouin zone.
III. RESULTS
The calculated densities of states (DOS) of Mo 3 Sb 7 near the Fermi level are shown in eV) forms mainly from the Mo-4d orbitals but also no overlapping between Mo-4d and Sb-sp orbitals is observed. Thus, the hybridization of the Mo-4d with the valence sp-band of the Sb atoms seems to be negligible and the Mo-4d and Sb-sp orbitals contribute to the total DOS probably separately. We recognize also that the contribution of the sp-band of the Sb2 atoms to the total DOS at E F is much lower than that of Sb1. This finding may support a very weak hybridization strength between Mo-4d and Sb-sp orbitals, since the distance
The specific heat C p data of Mo 3 Sb 7 at zero field is shown in Fig. 3 in the form
The occurrence of superconductivity is evidenced by a specific heat jump at 2.2 ±0.05 K. The superconducting phase transition temperature determined from the specific heat measurement is consistent with those obtained from the magnetization and electrical resistivity (not shown here) and with the specific data reported by Candolfi et al. [4] . Note, the value of T c observed in the present sample is of about 0.1 K higher than that found in a single crystal of 2.08 K, [1] , though specific heat data for single crystal are not yet available.
The difference in the superconducting transition values between the single-crystalline and polycrystalline samples seems to be associated with the change in the densities of states at the Fermi level. Since the unit cell volume of the studied sample with 871.34Å 3 is smaller than that of the single-crystalline sample (879.769Å 3 ) [1] , one supposes that the decrease in the volume results in displacement of the 4d-level to a higher energy respect to E F , and in consequence increases DOS.
The normal-state specific heat data of Mo 3 Sb 7 can be analyzed using the standard formula:
where the first term gives the electronic contribution and the second represents the lattice contribution to the total specific heat. For the temperature range 2.5 -10 K, it is found that γ n = 34.5(2) mJ/molK 2 and β = 0.85(5) mJ/molK 4 . The latter value corresponds to the Debye temperature of 283(5) K.
From the specific heat data (Fig. 3) , the dimensionless specific heat jump ∆C(T )/γ n T c was evaluated to be 1.56. Thus, there is a substantial difference in the ∆C(T )/γ n T c values obtained by us and by Candolfi et al. [4] i.e., 1.04. Since, the value of 1.43 is the weakcoupling limit [14] , the superconductivity in the sample studied here could belong to the strong-coupling regime. An information about the strength of the electron-phonon coupling can be gained by evaluating the average electron-phonon coupling constantλ e−ph from the McMillan equation [15] :
where µ * is the Coulomb pseudopotential and it is usually taken between 0.1 and 0.15 [15, 16] . [16] . The value of the product N(E F )V was calculated with help of the BCS equation:
The knowledge of γ n allows us to estimate the electron-phonon mass enhancement λ γ parameter, which should be similar in magnitude to λ e−ph . Employing the relation γ = We derived the electronic specific heat C el = C p − βT 3 and have plotted the data in Fig.   4 a in the form of semi-logarithmic scale ln(C el ) vs 1/T. Clearly, in the superconducting state, the C el (T ) curve reflects an exponential behaviour, indicating a gap character of the studied superconductor. We wish to add that within the experimental error we have not seen any power law T 2 or T 3 in the temperature dependence of the electronic specific heat.
This observation rules out any anisotropic symmetry of superconductivity as suggested by Dmitriev et al. [3] . However, an attempt to fit the experimental data with the phenomeno- In order to reproduce the data in the whole temperature range studied, one applies a phenomenological two-gap model, which was proposed by Wang et al. [18] , and by Bouquet et al. [19] some years ago for MgB 2 . Following the latter authors, the electronic specific heat below T c can be considered as the sum of the contributions of two bands characterized by respective gap widths ∆ 1 and ∆ 2 , and by partial Sommerfeld ratio γ 1 and γ 2 , where
We have fitted the experimental data to theoretical curves within the α-model [20] . The theoretical data were calculated based on the following equations:
where α is the gap ratio α = ∆(T )/∆ BCS (T ) with 2∆ BCS (0) = 3.5k B T c and f the Mo atoms to the DOS is observed. We may add that two-band gap feature has been found in some superconductors, except for MgB 2 mentioned above, also in YbNi 2 B 2 C [22] and Nb 3 Sn [23] .
The electronic entropy in the superconducting state was calculated through S SC = Tc 0 C el /T dT (Fig. 4 b) . At T c , S SC amounts to 80 mJ/molK and it is comparable with the entropy in the normal state S n = γ n T c of 76 mJ/molK assuming a constant γ n = 34.5 mJ/molK 2 below T c = 2.2 K.
The temperature dependence of the thermodynamic critical field µ 0 H c0 is obtained by an integration of the data in the superconducting state according to the equation:
where V M is the volume per mole, ∆U is the internal energy difference and ∆S is the entropy difference. From the equations:
we computed the temperature dependence of ∆U and T ∆S (see inset of In order to analyze the upper critical field H c2 , we measured specific heat at several selected magnetic field strengths (Fig. 6 ). With increasing magnetic fields up to 2 T, the superconducting transition shifts down to lower temperatures. The resulting upper critical field against temperature is shown in Fig. 7 1 + λ e−ph [25, 28] . The parameter α M is obtained through the
, where m is the mass of the free electrons. With µ 0 dH c2 /dT =-1.25, and γ n = 263 J/m 3 K 2 and ρ n = 95x10
Ωm, the value of the Maki parameter amounts to 0.66 and 0.59, respectively. Using the average value α M = 0.625 and λ e−ph =0.6 we obtain the upper critical field µ 0 H c2 (0) = 2.26
T, which is close to the experimental value of 2.24 T.
Having upper and thermodynamic critical fields, we can estimate the type-II characteristic Ginzburg-Landau (GL) parameters at 0 K. From the relation:
Wb is the flux quantum we obtained coherence length ξ GL ≈ 12 nm. Using the relation: µ 0 H c2 (0) = √ 2κµ 0 H c (0) we get Ginzburg-Landau parameter κ = 54.6. The
2 results in the penetration depth λ ≈ 660 nm. These parameters can be evaluated by other different method with the help of relations given in Ref. [25] .
From λ = 6.42x10 −4 ρ/T c and κ = 2.37x10 6 γ 1/2 ρ, the parameters κ and λ were calculated to be 420 nm and 36.5, respectively. We suppose that smaller values of these parameters deduced from the resistivity may be due to an underestimated value of ρ.
The field dependence of the Sommerfeld coefficient at 0 
IV. CONCLUSIONS
In the present work we have presented a detailed analysis of the low-temperature specific heat data of the superconductor Mo 3 Sb 7 . The lattice specific heat is characterized by the 
